Acid Rain : What Do We Know by Siebel, Elisabeth Panttaja
551. 5781 
s i "'.Sa 
co). 2 
by Elisabeth Panttaja Siebel 
with the cooperation of Richard G. Semonin 
Ill inois State Water Survey 
Department of Energy and Natural Resources 
Acid rain is not new. It was first identified in 1872 by an English 
chemist, and Swedish meteorologists have been studying it since the 
1950s. But only in the last few years has acid rain become a subject of 
intensive research in this country and a source of worldwide concern. 
Acid rain is widely believed to have damaging effects on the en· 
vironment - from killing off fish and wildlife, to stunting forest 
growth and inhibiting agricultural production, to the erosion of build· 
ings and statues. There is even some talk about acid rain threatening 
human health. 
In 1980, President Carter's committee on Health and Environ· 
mental Effects of Increased Coal Utilization called acid rain one of 
the major global environmental problems to face us in this decade, 
and public and private sectors have taken the problem to heart: 
An automobile company recently issued a pamphlet describing 
how to treat paint damage caused by acid rain, and an Illinois farmer 
discovered that the warranty on his new roof would not be honored 
because the damage, the company said, had been caused by acid rain. 
What is acid rain? What do we know about it - and most important, 
what has yet to be discovered? 
What is Acid Rain? 
Scientists measure the relative acidity or al-
kalinity of a substance on a so called pH scale, 
with values ranging from O to 14. Very simply. 
pH is a symbol representing the concentration 
of hydrogen ions in a solution. Seven is the 
neutral point, at which a substance is neither 
acid nor alkaline. Distilled water has a pH of 7. 
Numbers greater than 7 refer to alkaline sub· 
stances; numbers less than 7 to acids. Thus, 
ammonia has a pH of 12, while lemon juice has 
a pH of 2. The pH scale is logarithmic; meaning 
that for every whole number increment, there is 
a tenfold difference in the concentration of hy-
drogen ions. 
If you take a glass of distilled water and 
put it in a room at normal temperature, the 
water will react with carbon dioxide molecules 
in the air, creating a slightly acid solution. Its 
pH, formerly 7, 1s now 5.6, and this value has 
been agreed upon as the dividing line between 
acid and non-acid rain. Any precipitation with a 
pH of less than 5.6 is called "acid rain." 
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How accurately does this 5.6 benchmark 
reflect the actual pH value of natural, unpolluted 
precipitation? 
Scientists have been trying to answer this 
question by measuring the pH values of the 
"purest" rainfalls they can find, but they have 
no easy answers. In just nine samples gathered 
in a few days from near the top of Mt. McKinley, 
the pH values of precipitation ranged from 4.5 
to 6.3. And at a remote spot in Hawaii, pH 
levels as low as 3.99 and as high as 6.28 have 
been measured. 
Not only do the pH levels of precipitation 
vary widely over relatively short time periods 
(and even within the same storm events), but 
they have also been shown to change significant· 
ly over relatively 'short distances. 
In a study conducted by the Water Survey 
near St. Louis, Missouri, rain receptors were 
placed every three miles in a 900 square mile 
area. After fourteen rainfalls, the measurements 
taken at each receptor were averaged, and the 
resulting values in this one area ranged from 4.3 
to 6.8. 
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Tht' pll !>ymbol ri:presents the co11centratio11 of electrically-charged hydrogen ions in a solution. The 
rem, comes from tbe French pouvoir hydrogenc, or "hydrogen power." The scale above sbows the pll 
v"lues of som~ ev,•ryday compounds. Acid ram is any precipitation witb a pH of 5.6 or less. 
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These findings suggest that determining what 
is natural and unnatural in the chemistry of pre-
cipitation is more complex than our 5.6 bench-
mark would indicate. In addition, the pH mea-
surement itself can often be a misleading guide 
to acidity. 
A pH value is derived from the relationships 
between four individual substances in a solution: 
• Calcium • Sulfuric acid 
• Magnesium • Nitric acid 
(There are other chemicals that affect pre-
cipitation chemistry, but these are the major 
contributors to acid rain.) Calcium and magne-
sium are the two alkal ine agents, and the degree 
to which they exist in a solution directly affects 
pH levels. Low levels of calcium and magnesium 
will result in a low pH reading, just as high con-
centrations of acid wi II. Thus, before an accurate 
interpretation of a pH reading can be made, the 
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occurrence of all four substances must be mea· 
sured and compared. 
American Acid Rain Research 
Prior to 1972, only two comprehensive rain 
sampling networks existed in this country, and 
those but briefly. The first consisted of 67 sta~ 
tions and operated from July 1955 to July 1956. 
This survey provided data on a variety of chem-
ical consti tuents of rainfall in that year, but it 
failed to record pH. A second and smaller sam-
pling network provided data, including pH, for 
rainfalls from 1965-66. 
In 197 4, two scientists from Cornell Univer-
sity, Cogbill and Likens, decided to compare 
pH ca lculations they made on the chemistry 
measurements from the two national networks. 
They used information from the 1955 1956 
network to calculate the pH values of ra infall 
for that year. 
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The results showed average values of 4.3·5.0 
over most of the northeast. To the west and 
south, however, the pH values were higher. Cog· 
bill and Likens drew a 1ine ringing that part of 
the northeast in which the pH was less than 5.6. 
They called 1he pH = 5.6 line the "threshold 
level" and used it as a way of identifying the 
extent of acid rain. 
The data from 1965-66 again showed average 
pH values of between 4.3 and 5.0 for the north· 
east, but this time the threshold level of 5.6 was 
picked up farther south than before, and ex-
tended westward beyond the area of their study, 
implying that the acid rain problem had spread 
over our midwestern states. 
In 1976, Cogbill obtained measurements of 
pH from many sites in the northeast for 1972· 73. 
In 1972-73, the average pH values of rainfall 
stayed about the same, but the threshold level 
had moved farther south into Florida and north 
into Canada, implicating the entire eastern half 
of the United States in an acid rain situation. 
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These three maps show an apparent increase of 
acidity over a11 eighteen year period. Notice 
bow the 5.6 "tbresbold level" spreads farther 
suutb and west over tbe years. 
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When the maps from 1955 a11d 1972 are com· 
bined, tlJe apparent spread of acid rain seems 
quite dramatic. 
The trend seemed clear: add rain was grad· 
ually spreading cross the country. 
It was an alarming report. Acid rain had 
been perceived as a serious problem in Europe 
for decades. It had been linked to high levels of 
gaseous pollutants in the atmosphere, and Scan· 
dinavian research had already suggested its 
harmful environmental effects. The study by 
Cogbill and likens was the first time that a 
trend of increasing acidity had been identified 
in this country, and it marked the beginning of 
the American acid rain problem. 
The trend seemed clear: acid 
rain was gradually spreading 
across the country. 
illinois Studies 
In 1977, the atmospheric scientists at the 
111 inois State Water Survey conducted some tests 
in Illinois verysimilar to what Cogbill and Likens 
had done in the northeast. They used data they 
had collected in 1954 and compared it with 
their own local data from 1960 and 1977. The 
pH for 1954 was 5.6; for 1960, 4. 7; and for 
1977, 4.3. Again, the findings indicated an in-
crease in acidity over the years. 
But the drastic drop in pH from 1954 to 1960 
was suspicious. What had happened in those six 
years to so radically affect the chemistry of 
precipitation? 
Richard Semonin, Assistant Chief of the Sur-
vey, and his colleagues went back to the data. 
This time they broke the compositions of the 
various rainfalls down into the four basic parts -
sulfates, nitrates, calcium, and magnesium -and 
compared them. They observed that the amounts 
of sulfuric acid in rainwater had not increased 
over the years, and that while the amounts of 
nitric acid had increased, they had not changed 
significantly enough to explain the plunge in 
pH. What the Survey scientists did notice was a 
substantial drop in the amounts of calcium and 
magnesium, the two alkaline substances (whose 
absence can make water acidic). 
Calcium and 
magnesium Sulfate Nitrate pU 
1954 65 60 18 5.6 
1960 37 60 15 4.7 
1977 10 70 30 4.3 
Micro equivalents per lit_er 
WbL'11 pl/ v,1/ues for lllinoif were l1rokc11 down 
into tbt'ir four b.isic parts, it ba,mt,• clear tl•at 
tbt• drop in pll ov,·r tb,· years was due, not to 
,111 increase in acidity, hut to a d,·cre,l\e in 
r.1/kalinity. 
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Semonin delved into other records for 1954 
and discovered that it had been a year of severe 
drought that affected both the northeastern 
and midwestern states. Dust storms were a com-
mon hazard that year, and one record states 
that at times the blowing dust reduced the visi· 
bility to 1/8 of a mile. 
Dust is made up of loose topsoil, rich in cal· 
cium and magnesium. It falls as solid particles 
and also mixes with drops of moisture in the 
atmosphere and falls as rain. When measured on 
the pH scale, that rain was unusually alkaline, 
and the corresponding pH value was unusually 
high. 
One mystery was solved, but the question of 
what Cogbill and Likens' maps would have 
looked like had there not been a drought re-
mained. 
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So Semonin recalculated all the original data 
from the 1955-56 network. Only this time, 
where the levels of calcium and magnesium had 
been unusually high, he substituted more typical 
values. He discovered that, while the pH values 
of the northeast remained roughly the same, 
the pH measurements for the south and mid-
west were much lower, and the 5.6 threshold 
level that Cogbill and Likens had observed 
ringing the northeast did not occur. 
Semonin's new maps showed average pH 
levels ranging between 4.3 and 5.0 all across the 
country. In Illinois, the rainfall pH figure has 
historically been around 4.4, a value consistent 
with what has been measured in the state this 
year. (pH levels in 1981 are 4.3-4.5 all across 
the state.) 
5.6 
Richard Semonin recalculated data from the 1955 network to adjust for the effects of the drought 
,111J ,·omp.ireJ bis new figures witb tbe current patterns of acid rain measured by tbe NADP. In this 
map, the cb.inges in acidity over tbe years are mucb more subtle than was initially COllceived. 
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These findings cast serious doubt on the alleged trend in acidity from 1955-1972. 
These findings cast serious doubt on the 
alleged trend in acidity from 1955-1972. In ad-
dition, many scientists argue that data used for 
acid rain trend analysis should come from the 
same sites, the same type of receptors, and be 
derived using the same analytical techniques. In 
the Cogbill and Likens study, both the receptors 
and the chemistry used to measure the rain were 
variable. In addition, only ten stations are com-
mon to both 1956 and 1966 ( for those ten com-
mon sites, the acidity increased at four, decreased 
at two, and remained unchanged at four) and 
only three stations are common to all three net-
works. 
The First International Acid Rain Conference 
The acid rain problem was becoming a scien-
tific controversy, and at the First International 
Acid Ram Conference in 1975, concerned sci-
entists agreed that more systematic data were 
needed in order to accurately define the acid 
rain problem, and a comprehensive study of 
precipitation chemistry was outlined. Currently, 
there are two such programs in operation in this 
country: the Multistate Atmospheric Power 
Production Pollution Study, which started col· 
lecting samples in October 1976, and the Nation-
al Atmospheric Deposition Program, which be-
gan in July 1978. 
The NADP 
The Illinois State Water Survey in Champaign, 
which has developed a high degree of research 
expertise in atmospheric chemistry over the last 
twenty years, is the national analyt ic head-
quarters of the NADP. 
The NADP consists of 80 stations across the 
continental United States, Alaska, Hawaii, and 
American Samoa. The location of each station 
is fixed, so that the rain always comes from the 
same places, and each u ses the same type of re-
ceptor. Every week all 80 stations send their 
samples to Champaign to be chemically analyzed. 
First the samples are measured for pH, then 
the rain 1s tested for each of its major chemical 
components. Amounts of sulfur, nitrate, cal· 
c1um, and magnesium are recorded, and the oc-
currence of sodium and a variety of other chem-
icals is measured. At the end of a year, scientists 
compute the average values for each site and 
compare the figures with those of previous years. 
The analytic process is long and labor ious, 
and each step must be rig,dly controlled, but 
only in this methodical way - using the same 
sites, the same receptors, and the same analy t-
ical techniques - can scientists be completely 
satisfied that their data are acceptable for trend 
analysis. Semonin estimates that it will be 
another three to eight years before conclusive 
ev,dence of acidic trends is available, and in the 
meantime, he urges against prematu re evalua-
t ions. 
The State Agricul tural Experiment Stations, 
as a group, were key to the establishment of the 
NADP and are vital to its continued success. 
Other participants in the NADP include many 
federal agencies - the Departments of Agricul· 
ture, Energy, and Interior, and the National 
Oceanic and Atmospheric Administration in co-
operation with the Environmental Protection 
Agency. A number of state and private agencies, 
industries, and universities are also members. 
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Although each participant pays out of its 
own pocket to have its samples shipped and 
analyzed, the number of member stations keeps 
growing. By the end of 1981, the NADP hopes 
to have 100 active rain sampling sites, and after 
an initial report has been made, it plans to iden-
tify 50 key sites to carry on rain sampling activ· 
ities as long as the information is needed. 
The Purpose of the NADP 
The purpose of the NAOP is twofold: to 
acquire data for trend analysis and to provide 
quality data to individual scientists or agencies 
involved in research on the environmental ef-
fects of acid rain. 
At Southern Illinois University, for example, 
G.M. Aubert in and George Weaver are studying 
the rfff>cts of acid rain on forest productivity 
with the cooperation of the NADP. And at Ar· 
gonne National Laboratory, Patricia Irving is 
using NADP data to assess the effects of acid 
rain on our two major crops, com and soybeans. 
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Tbt: National Atmospbaic D,·position 
Program opl'rates RO rain·sampling sites 
across tin• country, and the number of 
member stations keeps growini. By the 
end of 1981, tbe NIIDP hopes to have 
';7 JOlractive rain-sampling sites. 
Many other projects in the environmental effects 
of acid rain are taking place all across the country. 
In addition to analyzing the NAOP data, 
scientists at the Illinois State Water Survey are 
also involved in two other research projects that 
directly bear on the acid rain issue. 
A study called Atmospheric Pollution Scav· 
enging, sponsored by the Department of Energy, 
is attempting to show how rain and other forms 
of precipitation remove both harmful and 
beneficial chemicals from the atmosphere. And 
in another study, sponsored by the National 
Science Foundation, researchers are identifying 
the sources of airborne materials that tend to 
neutralize acidity, among them dust from soil 
and unpaved roads, and attempting to show 
how these agents influence the chemistry of 
precipitation. 
The resu lts of these studies and other research 
projects like them will contribute important 
new information to our growing understanding 
of the acid rain phenomena. 
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Environmental Effects of Acid Rain 
The media have been instrumental in publi-
cizing the environmental effects of acid rain. 
Filmstrips show how acid rain damages crops, 
magazine articles talk about the corrosion of 
buildings, and newspaper stories point to "dead" 
lakes, victims of acid rain. Yet anyone wishing 
to dig beneath the surface of these reports will 
find that the scientific facts, when they are 
known, are neither so simple nor so clear. 
The two most important potential hazards 
of acid rain are damage to aquatic ecosystems 
and decreases in agricultural production. The 
suggested effects of acid rain on lakes and fish 
are quite alarming and have received the most 
attention. 
Effects on Lakes 
The average pH of a freshwater lake is usual-
ly quite high - between 8 and 9. When even 
"pure" precipitation has a pH of 5.6, one 
wonders how the lakes can maintain their low 
levels of acidity. There are two main reasons, 
and both have to do with soil: A lake's "water-
shed" is the geographical region surrounding 
the lake, and any precipitaton that falls in the 
watershed area ultimately drains into the lake. 
When the watershed is large, the rain travels a 
long distance before it reaches the lake, and the 
soil it passes over and through, usually rich in 
calcium and magnesium, acts as a buffering 
agent to neutralize the rain's acidity. The soil 
and rocks that make up the bottom and sides of 
the lake have the same buffering effect and help 
to maintain the lake's low level of acidity. 
Lakes in the Adirondack region of New York 
and in various parts of southern Ontario and 
Quebec, with their unusually low pH readings, 
have typically been singled out as examples of 
the harmful effects of acid rain. These lakes are 
virtually carved out of granite and do not have 
the benefit of large amounts of soil in their rela-
tively small watersheds to act as buffering agents. 
Do the geological characteristics of the Adi-
rondack and Canadian lakes make them more 
vulnerable to outside acidification. or are these 
factors in themselves the cause of the low pH 
readings? The answer to this question is crucial 
to the study of acid rain's effects on aquatic 
ecosystems. Until we know the chemical history 
of these lakes, it is almost impossible to judge 
whether a low pH reading is natural or man· 
made. 
At this moment, scientists are conducting 
chemical studies of the layers of sediment 
buried beneath the Adirondack lakts. They 
hope to uncover the historical d.ita so neces~ary 
to determining whether or not the lakes have 
undergone chemical changes and what role, if 
any, acid rain has played in the process. 
In Illinois, rivers and streams have been 
chemically tested for a period of years. Scien-
tists have measured no trend of increased acidity, 
and no harmful environmental changes have been 
noticed. Illinois watersheds are large and welf· 
buffered, and it is unlikely that high acid levels 
will ever pose a serious threat to our aquc1tic 
ecosystems. 
Illinois watersheds are large and we/I-buffered, and it is unlikely that high acid levels 
will ever pose a serious threat to our aquatic ecosystems. 
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Effects on Fish 
Scientists usually consider the first danger 
signal of acidification to be a decrease in fish 
populations, and many people have suggested 
that acid rain is responsible for the complete 
disappearance of thousands of fish from our 
lakes, especially game fish such as trout which 
have been shown to be highly 'acid sensitive.' 
Although very few studies have been carried 
out in natural settings, laboratory experiments 
have proven that large quantities of sulfuric acid 
released into fish tanks can affect the reproduc· 
tive organs of fish, and in higher quantities, the 
acid can br lethal. Research has also shown that 
acid water is especially damaging to fish eggs 
and hatchlings and th at acid in lakes and streams 
reacts chemically with surrounding rocks, re· 
leasing aluminum and mercury ions that can be 
harmful - and even deadly - to fish. 
Aftrr this point, however, scientific con· 
sensus breaks down. Many scientists feel that 
the laboratory experiments are sufficient to 
establish the link between acid rain and de· 
creased fish populations; other experts think 
that documented field studies are necessary to 
support these claims. 
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Until many more questions 
can be answered, it will remain 
difficult to either prove or dis· 
prove the link between acid rain 
and changes in fish populations 
and aquatic ecosystems. 
These latter scientists point to the fact that 
the pH levels of lakes vary naturally, and many 
species of fish that have lived in lakes for gener· 
ations have experienced numerous changes in 
pH without being noticeably adversely affected. 
In addition, acid precipitation is not the only 
cause of a drop in pH, and not all drops in pH 
are harmful to fish. 
The most radical changes in acidity usually 
occur during winter thaws or spring, when acids 
and other substances contained in snow are re· 
leased rapidly into streams and lakes as melt· 
water. In Norway, there is at least one docu· 
mented instance of a massive fish kill resulting 
from a radical drop in pH in a stream. Even in 
these dramatic instances, the connection be· 
tween increased acidity and decreased fish 
populations is unclear. 
In this country, there have been no reports 
of fish kills resulting from drops in pH. There 
have been reports of decreases in fish popula· 
tions, but the cause is a matter of conjecture. 
The past twenty years has seen such varied at· 
mospheric and climatological changes, and fish 
populations can be influenced by so many 
factors, that many scientists feel that a direct 
cause-effect relationship between acid rain and 
decreased fish populations is unrealistic. A lack 
of historical data compounds the problem. 
making it difficult to tell the exact extent to 
which game fish populations have decreased 
over time, and what other species, if any, have 
been affected. 
Until many more questions can be answered, 
it will remain difficult, if not impossible, to 
either prove or disprove the link between acid 
rain and changes in fish populations and aquatic 
ecosystems. 
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Effects on Soil and Agriculture 
In Illinois, the most critical aspect of the 
acid rain issue is its alleged harmful effects on 
soil and agricultural production. Here the scien-
tific evidence comes almost exclusively from 
laboratory tests. Simulated acid rain has been 
shown to cause an impressive array of biological 
and chemical changes in plants and soils. Some· 
times these changes are harmfu I. sometimes 
beneficial. Some results are even contradictory: 
Soybeans treated with acid water, for example, 
exhibited both decreases and increases in size 
and rate of growth. 
Among other things, simulated acid rain 
causes lesions on foliage and slows the rate of 
many important microbiological processes in 
soil. It is also a good fertilizer and adds signif-
icant quantities of nutrients to both plants and 
soils. 
In nature, actual economic damage to crops 
or soils due to polluted precipitation has been 
reported only rarely, and in most cases the evi· 
dence has not been considered scientifically re· 
ls acid rain a problem or not? 
liable. Most scientists agree that examples of 
soil deterioration or crop damage caused by 
acid rain have not been found. Even if evidence 
of crop or soil damage did exist, it is unlikely 
that Illinois agricultural production would be 
affected. The Illinois soil is alkaline and well· 
buffered, meaning that it has plenty of natural 
chemicals to offset high acidity levels should 
they occur. 
Whether or not the net effect of acid precipi· 
tation will be harmful or beneficial in any geo-
graphic area seems to depend on a variety of in· 
terrelated factors, among them the chemical 
composition of the rainfall, its duration and in· 
tensity, and the general condition of the lakes 
and soils on which it falls. 
Research suggests that acid rain is most likely 
to wreak ecological damage in areas with poorly 
buffered soils or lakes that are subjected to long 
and frequent rainfalls. Other areas are not likely 
to be affected by acid precipitation, and some 
regions may even enjoy ecological advantages 
caused by acid rain. 
Unlike st,mdard climatic variables which ,,re co11tinuously and e.-.::· 
hausiively studied, information about acid rain is scarce and incomplete. 
Tbe lack of d.ita pr.:cludes a firm conc/11sim1, but the little tbat we' 
do k11ow indicates tbat changes i11 the acidity of rainfall may be 
much more subtle tban initially Ct.mceived. 
So far, evidence coming out of ll/inois bas questioned the ,11/eged 
trend of increasing acidity a11d bas suggested that at least som1: instances 
of radical rain c/Jemistry cbange may have 11.1tur.il, not man·madt!, caust!S. 
Over tbe next few years, as researcb fi11Ji11gs from groups sucb as 
the National Atmospheric Deposition Program become available, 
ma,!y of fhe i:nresolved issues will probably be decided. At tbis time, 
however, tbe questions are far more 11111111:rous tb.i11 tbe a11swers, and 
as acid rain moves into the public spotlight, it is becoming increas· 
ingly important to separate scie11tific facts from speculations. 
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This is the second in a series of pamphlets describing in popular language our 
research findings about water resources and weather in Illinois and current 
issues concerning them. 
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water resources and weather. Its research 
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quantity, quality, and use. The Water 
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Natural Resources (now the Department 
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